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(54) PROJECTION TYPE DISPLAY DEVICE 

(57)Abstract: 

PURPOSE: To realize the video display which is 
brighter and higher in grade than heretofore by using 
a projection lens of a short back focus in a projection 
optical system for which an integrator illumination 
system is used. 

CONSTITUTION: The luminous flux radiated from a 
light source lamp 101 is reflected by a reflection 
mirror 102 and is separated by a dichroic mirror 103 
into two luminous fluxes. A liquid crystal panel 114 is 
illuminated by these separated luminous fluxes by the 
integrator consisting of first lens groups 104, 105 and 
second lens groups 108. 109 in the respective optical 
paths. The luminous fluxes modulated by the liquid 
crystal panel 114 are synthesized by a cube prism 
115 and video is projected and displayed by the 
projection lens 1 1 6. 
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i^(Dui^x^m\^^xm^(0 2m^^M^mf&i.. 

t ^t^Ayxmf&^iv^&^mm^mm\^:i^^^x. 
^mitm^mf$.i.. lei^cou-vxicj: i9«^$n6^2 

sulSllU^>'X|^(DBapj^g^ij/||2 u^^XH^ 

^m^^^^l^^:Lt\zXoX. HfflS||2 U'>xa^±{c: 
*{g**icmi-6 2fi<7)2»:3feai«^^ff^j*u 

fS]^lE^U m2 t->'X»;6^^Ji{i3fe:frf6]0}Sofc>t^ 

mL.xm^mm^^ii^^^m^^t. mm^^^^i^ 

0«fl^uvXT«^$H'5|gl u^^XSfizJ: DffiS[C0 2 
f^^(7)uvx;;ij: «9tPI*$n6m2 
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[000 1] 
[0 0 0 2] 

ffiHWt: $ n-C V ^ 5 ?Kfa CI v> ^ ^ - i3 ft 5 M-g^a 

[0 0 0 3] ^^^^m-t^-^iD^mt \^x. m^\^ 

CONFERENCE RECORD OF THE 
20 1 9 9 1 INTERNATIONAL DISPLA 
YCONFERENCE 151 — 15 4M{-^$tl5 

4^r^^3- 1118 0 e-^^Am\c^<o^^^m\^< 
[0 0 0 4] :i(^>r ^T^iJ^u-i^'fi. mmm^i^m^m 

SI&<75m?i^uvX{c:j;oX5^fyL. ^^mi^:yX<D 
^^#*gJl^u>Xf;i-^-T*m^-5 V L — uvXXfg 

i!bmm^^/b^\^±l.^ fftlScOCONFER ENCE R 

E c o R D xn. 3 wi(D^m^mm^^tix\^^^o 

[0 0 0 5] 

40 %n\z\ti^nmm^i^\><ox\tt^\i^\ o ^^t). ^;j»tt<7) 

[000 6] ^^fB/^•^/l^;^2{i5fe*^^^I^•r ^;^^-efc6 

53^1^ilJiflitTX L^t^tl5;i5. EURODISPLAY 
' 90 PROCEEDINGS 64--67MI-?J^ 

50 iIi7t$r*M-r^;^&^5fe6o Ccoffl3te^^^^i:±IS-r 



3 • 



(3) 

3 

[0 0 0 7] m^gy^^s/i^^^^^ ^mm\^:^^ y^>i^m^ 

^^^(Om^^mQm^\^±^^^:fjmt LT, SID 9 
2DIGEST 269 — 27 2 Mt-^S^X-S J: ^ tC. 

'r^bjm^m^^tix\^^^^ -^^^ui^^^xru^^m lo 

[0 0 0 8] ^::T\ :*:^0^fiwCOJ: 5?:j:Pn1M,^.<^^^ 
[0 0 0 9] 

T# 5&M(cgEg i^xmrnmrn^^^mm-r^mm^^ 

[0010] ^yc*^|^lcj;^^^g!^7j^^M(i. 020^ 
^Mi:. f^BS§^3^g;^).e>co^5g^2oco5fe«ir5^Sli-e 

[0 0 1 1] ^tL>^mm<D^^mm:^mmn. mmmm 
ummmm/>^h<^^mz^^ti^M^^^mm\^x 

ytm%:m^L. I^IS«75UVX|cJ: t)Slfig$K5»2 u-^ 50 
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4 

Xp^r^fS 2 »:fi<)>feagof4Bic^M-r -5 w <J: (c J: o Tffi 

^ti. ffiie^i uvxi¥coBe0;i^g{gij/m2 u 

[E35-r€)~oco(l^*«:9 0iS4^F^<7)^jS(c:^r^^5^g|-^ 

^M^^m^^^m'r^zt\zX'ox. Bftf2m2uvx 

^- *> 6 W:;^co 2 »:^iii^iBtc-f4ffiM«^iS lt 

{l7fe;^[^^'^^L. ^2 u^xf^;!)^e)f^M^;^r^(7:)Mo 
r^jt^^-m^^tixmmmmmmtm.^A^ zt^^ 

[0 0 12] ^tz:^^m\zx^^^^m7skmmn. mm 
mmt. mmMmmib^^(D^^^mmLxmmmm^^ 

mm^m^^tiX(r>^^^\zn. m^(D^mi-i^xxm 

^^ti^mi i^^xpicj: t)m3^<^2 2):6^^aii^?l^^ 
l^!Bc(?5U'VXj;iJ:t9«i5Sc^n'5M2U'i^Xi¥§r^|E 

[0013] 

immm] sit. :^^m\zx^^'^mm7s^mm^z-D\,^ 
[0014] (^mm 1 ) :^^m(DSt^mmyj^mm(^m 

f^^m I {z-nk-f-. ^iii7>>^l 0 1 fi. /Noyv-^^^ 
-1 0 6. 7-1 1 0. 1 1 ir-jiiiici^M^ 

tL> ^7fet-:/Xl 1 3^ST. ?^B^/N°^yH 1 4(;iiii- 

i^fe^feii^iKM^ 7-1 0 7-e^it$n. gvic^s 

7-11 2^^igU±RW^ 7-11 7{w^|*$ix, ftfe 

(o^^tmm\zM^^>xi 1 s^ST. f^^/N-^yn 

^^-:^:7'y 1 1 5*1, "^ti^'tKom^^^^^f^ 

^i>^:^xi 1 eSriiigur;^^ y->'±tre^fe^S^^^^^■t 
5o 
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[0 0 15] ^i^T^i--^mmm^. 

1 0 eoM^imi i^i^xmi 0 4tm2 u^vxi^i 0 

' 1 0 7(7)tfft^(::^l uvX5¥i 0 5 <t^2 uvXffi^l 0 

10 8, 1 O 9 1 4(DgE^{C^L< 

[0 0 16] ^:/x^u-^PS0^^(7:)^^j^^p^^l2]2 
(A) t::^i-o 3fea^7VXi 0 1 ;i^^SJf*f$tifc*^^ 20 

a <7)£§giiC^SLfcm2^i,^jc:fSl;0^oTiifT-r5(7) 

X. Hi u^xgfi 0 4 <tm2 u-^xi^i 0 8fi. y 

J: 9(ci£®$-ti:6<^g)[)^;5SJ:V\ Hi uvXff i o 4 
i^2 u>X|$i 0 8^«^i-6^*g?l^U'VXfi; 

1 0 SCOg^lCy^^— Kl^:/X2 0 2 ^iELXs W.^^ 30 

1 4±xSSra,5^$;}x5«^^ L7to ^2 u:/ 
X|¥ 1 0 8o:^# ^fi^r^uvXoFffii:. ||2u:/X 
P2 0 2 <i:fS#B>'N°^>'H 1 4rB^cD£iBtb{Cj:oT^^ 
e)o S^l^>X(^)Fli:^ f .ir-r^i:. B2U>XS¥iO 

xi 1 3»i?^^0/<^yn 1 4(rA*f-r57t*:^iS::^u:/ 
XcoA^ttlc$Si^j:<^*i)Sfcie)cot>(OX\ :#.,S«ESifi 

[0 0 1 7J 12)2 (B) Hi U>X«f 1 0 4^fcl^ 

H2 t-^-Xl^l 0 80«j5£$r^Lfc(2lT-S5 6o CCX 40 
|gIlJw^e(t65l£^«i*(r)3feiSWr®;6S*gJF^T-$D6fc 
^<*:cOJf^4^^^fl^^ L/Co ^?l^uvX2 0 3H. Wi 

fa^N-^/H 1 4 <tfflf^/^?F$«T\ mi l^^XS^l 0 4(7? 

«'.*§?i^U>X±(75Bajg5^:m;5^ ^<^fV±,X*mx^'t>^f\. 

[0 0 18] :*:S¥3fe^^T'f^. S^UVXl i 6(Dy< 
y^^ji^ — ;^ ;^ t>m\^^rci^. &^ u >-Xoir>r Xli/Jx $ 

^y^^iy-^ ic J: -5 C ^ ;d5x# 

^^'h. ?tjlS7>^Xl 0 1 i:Hl i^^Xffl^l 0 4, 1 50 
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0 s<Dmn^hmm<Dmmi^^h^itisb. mi i^^xa^to 

iir/c^oXio *9 . f^^B^^;t^/H 1 4±XS^$;h.fcBSj^5> 

[00191 (HMM 2 ) ;^^H^oS:^5i^^^M<7)tPI 
^^!1]3 (A) iCTj^-To Tta^^^-Xl 0 1 ;^)^6«r^^n 
7t3fe^f^. ^*r^l 0 2X*^M^tlfc<Dhmi i-^-x^ 

10 4 <^M2 uvxi¥ 1 0 sxti^^ne-o-r^!/-- 

0 1lcJ:oX. efe3l£Sfil^fe^^i:-^i!fv^5fe^lc^ 
fJ$^X5o ^n^'n(D>t^f:i, 3 0 2. 1 

1 7X^I^$tL. ^7lcU-:/Xl 1 4^SX. 
114a, 114b (ClAS^-r^o t LX. ^I^^tl/ipt 

:5^y^y Xi.3 0 SX-g^^^iJx. S^U^^Xl 1 CJCcto 

XS:^^^$;h.^o 
[0 0 2 0] *«^Xfi. ?SS^'5^->'U;05 2*S:X*DSfc: 

si^5^-r5it:^S;o^fc6« gi3 (B) m^By<^/i^ii 

4 bC0i®^fl|^^^LfcglX$>6o 3 
0 4 ^Wfe3gi§:7^/Wi? 3 0 S^J^^SdgSg^iXXV^ 

[0 0 2 1] *t^/5Kti, f^S-'^^/W'^ 2tfc L;e»^>^VA/^V^ 
c^X5t:^^t7)«J5fe;&s||JS^j 1 tcJt-<X#f^{cfaa(:i/.to 
XV^^o U?&^t>. l^^7fe{c:>ftUXIi— t^C^oyi^^^N^/u^ 
^ V N X V ^ 6 X^^ig W {5 ^ ^ 6 ci <t V 

^ tLiSi^m^tDm 5 ^ -5 $ J; o X 6 

<ox\ 5^6$lc:ioV^xt>$l5i:*^^^/:^v\ ^l^oX. 

^ V ^x ^ Pplfifi/j: V \ 

[0 0 2 2] fc/cL. ^n^mt+^t\'tmx.-r. 

<!:W^;!i^^SLXL^ 5><7)X\ ^feili^ >Xco;^^i?' h/i^ 

K7>xxii. *ii:fe7feic>tti£:t-s-'Nay>{bi^;65 

^^P$tt6;&^ ^^tllffitc/£oXV>5 t(^x?liy 

^. ^y[^i^. >'v^^i^co/^□y>^fc:i^:SritALfct> 

[0 0 2 3] mffill^^C/^^oXV^^|^«^^7r:ffi(75^ ^yl- 

P«m«;65fe^»o ^CX% |g|3 (A) <o^mmf&ki.x. 

^ic^ LXf^itilOy>^wux-^^-r 6 ^ ^ ;J^&;i^^± 

5 3t«>lc»^^S'>$-y:S:^^fe;55^e>^^xv^-5;5^ 
X*igS5fe;55+5J'(c#e>tt6tOX-iSfeS:«^^ie^®;55/j^ 
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[0 0 2 4] :^m^(o&:^mm7jk'^m:n. mmm i 

> 7^ ^ u - 1? V N r V ^ ^ b -f >- X ^ 

[0 0 2 5] (mmmS) ^^S^^tC/^oTV^^f^^aZT* 
[0 0 2 6] -f :^7-^U-^(7)BS^^^^l-{g3t^^^ 

^ft^jpL. ^mf}^h(D^^^'r-^xmm-r^:^m^'^\^^ 
xmrn-r^^ (a) ^(of^m^Trz-rm^^m 

^:yT<^i^-i^mm^.tmcx^^r-. :izxn. mi 
\y:yxm\ 0 A(DmM\cm^^m^tm^ix. 112 u:/ 20 

Xpl 0 8<7?iS^lCfi^fi:ft^ffi4 0 Sfi^^lWL^flX\i^ 
[0 0 2 7] 7feM^>^:7^1 0 lT*ac*f$nfc^{i7fe^ 

^tf^^o z<D^^nM^i^mm4 o 2\z7<mi.x^ 

"^^fc;^-r5^2 i/:/XS^i 0 8(7:>^ff^u:xX(;)F^#j{c:3fe 
^;^i^*it»f>nT. 2»:^aico;^/i^iy hid3:?f^fi)c;$n-5o il 30 
« c 2/ h fi#«?f^ :^x<o *.^(;:— o;&5?fM $ 

h;55?f^/*$ix5o -^^1^(7)^^(1. ^^J^lffi^SHtS 4 

So 't\^xm^<o^i^T^\^'-df<om^tmm. y><- 

yUKl->'X2 0 2|wJ:oT7fe:*^^?^^^a/^•^wH 1 4C0^ 

?^^<."^^yv.i 1 4}cAM-t*5o 
[0 0 2 S\ U^jifm^AO 2(Om^^\^mA (B) 40 

S«4 0 6 t;</7;^SS4 0 8T*j*A./cfitjt(w/.CoTV^ 

So ^l^^^^'^JiT'y Xi.Stg4 0 6 0fS{c:^tTlrg£r6]$ 

l^^cCSo Xj^Stg4 0 6o^mffil::i5i^lliE 

t-AW-t-6Si{i7fe3fe4 0 9»;j:> Xy X^S4S4 0 

«'3fe4 1 0«^S#4®TJBJf§tt-f«wii: 50 
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xiu s«'5t4 1 \\tmVT^tix'^%(Dmn:^m:ini. 

[0029] a=^arctan {sin0/(cose 
— no/nj) } 

Xy XjU£|g4 0 6 ^PMMAT'ftMi-nf^. SSr^fl 
1. 4 8aS{:i/^6c0T'?Sf9(7)^7t®lff^tl5{^l^i:i:i 

^:^#< c!:Sr:i:;5^X^. m^tX-liStff'^^O, 2 5^ 

^T•5^'*LTV^5;^^^ r— ^S<7D^v>7>'X^^V^T^j 
:*b^^^^^X^-f S::^X± 3° mig^X:^*^Wi;tS 

^^co|i:^±^{->f-tAL.Xa^5^^i6-5<l:. 3 7" ttj: 
So ^*oT> Xy X^S^4 0 6tOiFiBS<^'(®Mfli<0/^ 

h^^y;*-7}^'^- Vtii^(Dmmm%:m\*^X^$,\:i 

[0 0 3 0] m4 (b) icts^^^x^j:^ 

ic. xy x^ssic^ur-^(7?^S0XA*f$itSo 

%^mm^ni.xmm^^j:^<ox\ ^^^.^w^comm- 

t^/3;^5 3" S<?3T\ HB^Jcfi^J^^rfc^-T^^lcMftS 
fcftXJ:v^ 

[0 0 3 1] ^^(7:),^,T*Ji. Si^3fe<75®Sf^^xy Xi. 

-^3^4 1 otm^^^:it\ct^^f)-. '^it4 1 ofi 
XyXJ.atS4 0 6cD^S#4c5{C>PH.r p-{M>feXfcl9. 
U?5^t>l^®{c*5ttSA*^:ftfiXy :ftlwi£< . 

So 

[0 0 3 2] |gl4 (B) X7fi\.timyt^m^\^. wCX 
#«:7^/VJ.^^v^xo< s;i<t;65prtgT-*?f9. ^J;tl^ 
S«;citM1-SC<h;0iX^. ^6^{ct>^^XfoSa! 

T. ^^^s^^icjiox^y^-ibLxtittWiw^^/j: 

{l3fe5^^^;55X^So 
[0 0 3 3] {S5fe$>^S«:ffiv-<cVNa«o-rvxXi^- 
^^'Xfl. ^2 UVXpl 0 8^7:)#S?^^u>'Xc^)«^'i:^^w. 

t). ^fc. mi l^^-Xffifl 0 4<>:m2 u-^Xg^l 0 STpI 
<^ffiffll;6SLXfcS#. ^<7)3tili««:!a5 (A) IC^Sn 
SJ:5«c. «-«Jgi^vX(^i^*M;ifcv^XiEf^e Lon?g 
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[0 0 3 4] :L(Dmxn^ S&Jf^l^^XcO^^irb^-'N^ t' 
v>3 V-co^^-g-^r^itUTS : 1 6 T*ffiV>-C*5 §^5. 

±lc*lll|5 (B) T-:^$ix5 J: ^ (c. ^^?f^ u ^^X±}c: 

0 ^'flX^^o ti*>^A/m(^. r^-<^ hit 9 : 1 6CO 
h^^*E?l^u^/X5 0 1 Iwi^g^J: r> tv>< bi^ivjx 

[0 0 3 5] |gl5 (B) X-fi. «-ffi7fe7t<^;^;i^^/ h 5 0 
3. 5 0 4{c:>^lCLr&ffi^tK5 0 6. SOSt^:^^^ 
^:/*t{CiEg^nXVN6o w(7){i;i:@^;K5 0-5, 5 0 6 

fi^ti-^'tuoii^t^^ 4 bm.^m^^x:^\^^m^^W} 
^^v^"c{i^:frffi]^9 om^^^-^xm^L^m^fi^nTL 

/cJ:9.l.i;. 112 u:^Xf^i 0 8 i::7^— ywKi^vX2 0 

[0 0 3 6] {nmmA) m^. ^i^'r^\^-^^m\i^ 

^nm^^^\^±^'^^:^m\zr>\^^xwim'r 
[0 0 3 7] men. ^mn^^'^mM7r^mm:\^^ki ^ 

>^m(r>mf&t^m^^tixy^^i>t^. m^m\c\t9t\z.m 2 

(A) x^^-^intzm^xhKi . m2 (A) x^-^Hfz.m 

fa^^^wUl 1 4<t*3fel^>Xl 1 3(73rBllCv'y >Ky;<7 
/wji^i^co-^^ ^ o u>XT U-Y 6 0 1 ;^5g£g^ixTV^ 

'So fi^fB>'^^>'H 1 411. ^2 Ul^T^U 1 0 8 <h :7^ — 

/uKi^vX2 0 2i:mofL^mm^^oxi^-\:im,m^ 

t5 ^ 2 »:3t2f ,h o T V ^ 60 
[0 0 3 8] fS^B/^'^/^l 1 4C0^3D(Cj^^$tL 

fc-^-r n U^XT U-r 6 0 1 II, 1 1 4 

■^^ixfcv-y > Ky;^/i^u:xX;65^^gag$tt7t«3t 

u-Y 6 0 10— o(75ixy > Ky ;«7/n^>'X«:iiiiLfc5t 
^fl. »fS]£«6 0 2^iloX. ?^^g6 0 4lC. 2»: 
3fcaS(7)«^?i5^i-6o 2 2^)tMO?f^«fl. (§15 (A) ^ 
Tttt (B) X;^$ixfcJ:p{:i«$*-f^lcS^JUfcJi^«^U 

S^lcT*#5 2»:^i®a5«ll^j^fSio;:^ Vy>(:f^<r>^ 



(6) 4#^^6-2 0 2 0 9 4 

iO 

':fyy^^ h7-r:/6 O 3 <^rB^*lioTjli@-r5 5ti6. 
-^-r ^ o u>-xr u-f 6 0 1 co/^v^^&'8^(cy7 i?^;^ h 
^-r>^6 0 3XilK^tLXV^^C7fel:5^fc*t^^Of^±i: 

iXiJ'X h7-f 7^6 0 3Xii^$nS®affl55yii^«C(7)6 

10 C «t X^^/£ «9 co^^[^Ji/0^^#X# 'So 

[0 0 3 9] ^l^co^l+^c^^^/^T^i. -^-f ^ n i/>xr 

i-'-fe 0 1 irX^i'^:^ h7-f X6 0 SeoSifitd^. ID 

4't:i:^LfcJ: ^ 2 U^-X|$ i o 8 cd^ U>'X-tr-^ 

x^^m^B^^^fvx 1 4coi®^t:Vf=-bi;iJ:or*^ 

u :yxr (?D7iez[^fi(Jlc«^ u:/X^iE-r ^ c <b ;65ii^>^ 
Xfet). ^f7):^.,^£EBI«:7.r->'^Ku>X2 0 2 ^-^-f 

L->Xr 6 0 3re^cO£§^ctCl5(?^U<i-6o 
20 C(D^3fei/>'Xo#;!jp{ci:oT. BSs^^tco^Tfe^ll-t--^ 
X^gS/^'^yn 1 4(::il{Ei:/<^6oX\ ?S^>'^^/n i 

/jr 9 . -^-f ^ n u vXT u-'-f coiagfi^DiXi^— Jr-r^ 

[0 0 4 0] *^0jxfi. z,<nmz.\,mi^ fa^^mWiVt 
t'^^TLhfx^'b. Mxi^. -^-r ^ a l^^Xr U-^ 6 0 1 ^ 

-r:/6 0 3 5'^<iil9&tt^-&6w<^ t>WBgX$55o 

^^ci:oX2^^c^W(^)«^fl^/*u> 2»:^ai(7)5taf/:^^ 

[0 0 4 1 ] 

x^u— ^$^BS,§g^$:^v>7tS¥>t^^ic4oV>X. jg^/-? 
40 oXS^ u>X(7)>'< ;?7;^^MS§ 

[0 0 4 2] ^fc?SfH>-?^/U^2tS:^V^X:^m^^^^T 
v\ mPiit^%^Wlk{\L't^:Lh\z.^^X^ 9^6Cii5o"o 

[0 0 4 3] >r >XiJ^u-^lcM^^l^fPffi5r 

t>;tii:5Ci:tcj:oX. $ bJ-P^5i/^S^¥S*:^S^B4: 
50 ll5X#^)o 
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[0 0 4 4] ^/c$p>tc. m&y<^j\^(omo^(Dmm^ 

[1212] (A) fl. *:%0JlC^V^6-r>'Xt^^l^-^0Brt 

T^.tDmf^m^Tjk-tmo (b) f^. *%5^»w^vN-5-f ^^t^. 

IIS 3] (A) ^^m(7:>^^mm7j^mm(Dmf&^yj^ 
■rmo (B) :^^m<D&^mmyj^mm\zmmi'^m 

[[114 1 (A) :^^m(o&:^mm^mm^^^^ir^m 
mi^(DmfS,^7jk-rmo (b) ^^si^cos^^s^^sg 

11215] (A) ^^T^r^^L— ^co^u>'X±t::X-# 

5 2?Sfe5ta^<^fl^t»C^^-r(2Io (B) ^l^T^Vly-^ 
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[Detailed Description of the [nventionl 
[000 1 1 

[Field of Industry! The invention relates to a projection display device which enlarges 
and displays an image on a liquid crystal which performs light flux modulation on a 
screen, 
[00021 

[Prior Arts] The problem of a liquid crystal projector which projects an image on a 
li(iuid crystal panel is the using of light from a light source with high efficiency. Overall 
efficiency of a liquid crystal projector that is currently in practical use is only about 
llm/W, then electric power consumption becomes larger to reserve brightness. 
[0003] One of the means to improve the efficiency is applying an integrator descried in 
CONFERENCE RECORD OF THE 1991 INTERNATIONAL DISPLAYCONFERENCE, 
page 151" 154, for example. This composition is described in Kokai No. 3- 111806 in 
detail. 

[0004] Principally, this integrator is same as the one used in an exposure machine. A 
parallel light flux from light source is divided by a plural of rectangular lens and an 
image of each rectangular lens is overlaid on a liquid crystal panel to form an image by 
a plural of relay lens each corresponding to each rectangular lens. In this method, as 
light flux from the light source is cut out in a similar figure as that of liquid crystal 
panel and the liquid crystal panel is illuminated by whole cut out light flux, the 
illumination efficiency is increased. Said CONFERENCE RECORD reported that the 
efficiency had been improved at 30%. Moreover, as each cut out light flux is overlaid, 
non- uniformity of illumination and color is largely improved. 
[0005] 

[Problems to be Solved by the Invention] However, as described in said Kokai, in 
application of the integrator "as the number of apertures of projection lens system 
becomes too large, it is not so favorable actually". That is, as the apparent size of light 
source becomes larger and parallel of light flux is deteriorated, fairly large projection 
lens is required for using all incident light flux to liquid crystal panel for projection. 
[0006] When a liquid crystal panel adopts the system that modulates polarized light, 
more than half of light from the light source is wasted. 'However, as described in 
EURODISPLAY '90 PROCEEDINGS, page 64*67, there is a system that can use whole 
light from light source with adopting the polarized light conversion element comprising 
a polarized light beam splitter and a 1/2 wave length board. Though it is possible to use 



said polarized light conversion element in combination with said integrator, as the size 
of integrator is doubled and a projection lens having larger number ot* apertures is 
required, it is not a preferable system actually. 

[0007] When the liquid crystal panel is an active matrix panel having a switching 
element for each pixel, the system having a micro lens alley placed on incident side of 
the liquid crystal panel to improve the effective aperture ratio of the panel is reported, 
as shown in SID 92 DIGEST, page 269 - 272. The system having a micro lens alley is 
very effective one as the usability of light flux can be almost doubled at maximum if the 
parallelism of incident light flux is good. However the parallelism of illumination light 
flux is very bad in said system using an integrator, therefor the eflect of micro lens 
alley does not appear 

[0008] The present invention solves those problems and its purpose is to make the high 
quality and bright display without using a large projection lens in a projection optical 
system and to provide a projection display device having more brightness and higher 
light usability with adding an optical element, 
[00091 

[Means to Solve the Problem] A projection display device according to the present 
invention includes, 

an illumination device, 

color separation means to separate flux from said illumination device into 
three primary color lights, 

modulation means to modulate each primary colors light to include image 
information, 

light synthesizing means to synthesize each modulated light, 
a projection optical system to project synthesized flux on a screen to display, 
wherein a plural of secondly light sources is formed on the light i)ath between 
said illumination device and said modulation device, and a plural of illumination 
optical system is placed to illuminate said modulation means with arranging the same 
number of lenses on the place where said secondly light sources are formed. 
[OOlO] The projection display device according to the present invention includes, 
an illumination device, 

color separation means to separate flux from said illumination device into two 

fluxes, 

modulation means to modulate each hght to include image information, 

light synthesizing means to synthesize each modulated light, 

a projection optical system to project synthesized flux on a screen to display, 



wherein a plural of secondly light sources is formed on the light path between said 
illumination device and said color separation means, and a plural of illumination 
optical system is placed to illuminate said modulation means with arranging the same 
number of lenses on the place where said secondly light sources are formed, 
loo 1.1 1 The projection display device according to the present invention includes, 
an illumination device. 

modulation means to modulate polarized light included in light flux from said 
illumination device to include image information. 

a projection optical system to project modulated light flux on a screen to 

display. 

wherein a plural of secondly light source is formed with the first lens group comprising 
a plural of rectangular lens on the light path between said illumination device and said 
modulation means, the second lens group comprising the same number of lenses is 
arranged on the position of said secondly light source so that an integrator illumination 
optical system to illuminate said modulation means is placed, 

wherein polarization separating means that separates direction of two polarized lights 
included in light flux from said illumination device and run at right angle to one 
another at the angle smaller than 90° are arranged on illumination device side/second 
lens group side of said first lens group so that double secondly light source images 
corresponding to each polarized light are formed on said second lens group, a wave 
plate is placed on oneA)oth of secondly light source positions to change the polarizing 
direction, and then- light fluxes having the same polarization direction exit from the 
second lens group to illuminate said modulation device. 

[0012] The projection display device according to the present invention includes, 
an illumination device, 

modulation means to modulate polarized light included in light flux from said 
illumination device to include image information, 

a projection optical system to project modulated light flux on a screen to 

display, 

wherein a plural of secondly light source is formed with the first lens group comprising 
a plural of rectangular lens on the light path between said illumination device and said 
modulation means, the second lens group comprising the same number of lenses is 
arranged on the position of said secondly light source so that an integrator illumination 
optical system to illuminate said modulation means is placed, 

wherein said modulation means is a liquid crystal panel and a switching element is 
formed on each pixel of the Uquid crystal panel, and a micro lens array is placed on the 



incidental side of the liquid crystal panel. 
[00131 

[Embodiments! Hereafter a projection display device according to the present invention 
is explained in detail based on drawings. 

[OOMI (Embodiment l) The structure of projection display device according to the 
present invention is shown in Fig. I, A light source lamplOl is a light source that is 
regarded as a point such as a halogen lamp, a metal halide lamp or a xenon lamp, and 
radiat^>d light lluxes are reflected by the reflecting mirrorl02 to be practically parallel 
light fluxes. Red light of a light flux is transmitted and blue light and green light of the 
light flux are reflected by a blue and green reflecting dichroic mirror 103. The red light 
flux is reflected by a double-sided total reflection mirror 106, by a total, reflection 
mirrorllO, 111 in this order and then reaches the liquid crystal panelll4 through a 
condenser lensll3. The green light is reflected by the total reflection mirror 107, by a 
green reflection dichroic mirror 112, by double-sided total reflection mirror 106 in this 
order and then reaches the corresponding liquid crystal panelll4 through the 
condenser lensll3. The blue light is reflected by total reflection mirror 107, 
transmitted through the green reflection dichromic mirrorll2, reflected by the total 
reflection mirrorll7 and then reaches the liquid crystal panelll4 through the 
condenser lens 113 like other colors. Each of 3 liquid crystal panelll4 modulates each 
color light and adds image information corresponds to each color. A cube prism 115 
synthesizes each modulated color flux and includes red reflecting dielectric multi-layer 
film and blue reflecting dielectric multi-layer film in cross shape. The synthesized flux 
forms an image on a screen through a projection lensll6. 

[0015] An integrator illumination system is placed to face each light flux separated by 
the blue and green reflecting dichromic mirror 103. The first lens group 104 and the 
second lens group 108 are placed before and after the both-sided total reflection 
mirror 106 for red light flux, and the first lens group 105 and the second lens grouplOD 
are placed before and after the total reflection mirrorlO? for green light flux and blue 
light flux. It is important that total reflection mirrors are placed between each lens 
group. Though the structure having dichromic lens between each lens group is allowed, 
as light fluxes having uneven incidental angles incident to the dichromic mirror, the 
angle dependency of dielectric multi-layer film causes large non-uniformity of color on 
the display screen. The practical working distance in the arrangement shown in Fig.l 
is equal to the distance between the second lens group 108, 109 and the liquid crystal 
panel 114, and the practical working distance is 1/2 of the working distance in the 
arrangement without an integrator. Actually, the usability of light flux is doubled 



compared wil;h the system without inte^ator and non-uniformity of display is almost 
disappeared, 

[00161 Fig.2(A) shows a [)ractical structure of integrator illumination system. A 
reflection mirrol02 has an elliptic shape to reflect light flux radiated from the light 
source lamp 1.01 inward. As the light reflected in the vicinity of limb of reflection 
mirrorl02 travels toward the second focal point set on the distance a from the limb, the 
first lens group 104 and the second lens group 108 are placed to touch internally to the 
ring-shape light reflected in the vicinity of limb to attain better efficiency. As each 
rectangular lens forming the first lens groupl04 and the second lens groupIOS is not 
decentered, light fluxes are overlaid on the position of the second focal point. Then, a 
field lens202 is placed just after the second lens group to illuminate on. the liquid 
crystal i)anelll4 with overlaid light fluxes in this structure. The size of the second lens 
grouplOS is decided with F value of the projection lens and the distance b between the 
second lens group202 and the liquid crystal panelll4. When the F-value of projection 
lens is f the size of the second lens group 108 is designed to be smaller than b/f. The 
condenser lensll3 is for collecting incidental light fluxes to the liquid crystal panelll4 
on the incidental pupil of projection lens effectively, then the focal length of it is 
designed to be smaller than b. 

[0017] Fig.2 (B) shows the structure of the first lens groupl04 or the second lens 
grouplOS. Here, as the cross section of the light path of optical structure in Fig.l is 
rectangular, the whole shape is described as rectangular. The rectangular lens203 has 
the same shape as the liquid crystal panelll4 arid the illumination distribution on each 
rectangular lens of the first lens group is overlaid on the panel. 

[0018] In this projection system, as the back focus of projection lensllG is short, it is 
easy to design the number of apertures larger while keeping the size of projection lens 
small, then the maximum effect of the integrator can be achieved. As there is a certain 
amount of distance between the Ught source lamplOl and the first lens group 104, 105, 
the distribution of illumination on each rectangular lens in the first lens group is 
relatively smooth, and shade of the light source lamp 101 would not be appeared on the 
overlaid illumination distribution on the liquid crystal panel 114, then the display 
quality is very high. 

[0019] (Embodiment 2) Fig. 3(A) shows the structure of a projection display device 
according to the present invention. The light flux emitted from the light source 
lamp 101 passes through the integrator comprising the first lens group 104 and the 
second lens grouplOS after being reflected by the reflection mirror 102. Then the white 
light flux is separated into a green light flux and a magenta light flux by the green 



ronecting clichroic mirror301. Each light tlux is reflected by the total reflection 
mirror302. 117 and reaches the Hquid crystal panel 1 14a. 114b through the condenser 
lensll4. Then modulated light fluxes are synthesized by the dichroic i)rism303 that 
synthesizes green light flux and magenta light flux, and i)rojected with the projection 
lensllG to display. 

[00201 This structure involves 2 liquid crystal panels, then a color filter has to be 
placed on one of the panels to modulate 2 colors separately, Fig.3 (B) shows the 
structure of pixel of the Liquid crystal panel 114b. A red transmission filter304 and blue 
transmission filter305 are arranged alternately. 

l002lj As only 2 liquid crystal oanels are used in this structure the optical structure is 
very simple compared with the embodiment 1. Moreover, as one liquid crystal panel is 
placed for green light the resolution is not degraded. The brightness is not degraded 
either, because the brightness of the projection image is almost decided by the 
brightness of green light. Therefor this simple structure is allowed for displaying usual 
images except for computer images that require 3 colors for one pixel. 
[0022] However the reproduction of colors is not sufficient, because red and blue run 
short. In this case, adjust spectrum structure of a light source lamp to radiate more red 
and green than usual. For example, haloids corresponding to three primary colors 
respectively are added in the three-wavelength emission metal-haloid lamp, and 
haloids of lithium, thalium and indium are included in some of the lamps in actual use. 
As lithium corresponds to red and indium corresponds to blue, the amount of them may 
be increased in this case. 

[0023] Metal haloid lamps for image displaying in -actual use have a common problem 
that red tends tx> be insufficient. Then as one of the variations of the structure of 
Fig.3(A), a method in which one liquid crystal panel is used for red light flux and one 
common panel is used for both green light flux and blue light flux can be presented. 
Though the method of decreasing green to compensat-e lack of red is applied to the 
general projection display devices, as red can be obtained sufficiently in this method, 
there is no need to decrease green, then the amount of each color is equal to each other 
in this method. 

[0024] In a projection display device according to this structure, as the back focus of 
projection lens is small though integrators are used, as same as the case of embodiment 
1, the projection lens can be designed smaller and whole structure is very simple. The 
resolution and brightness are not degraded so much comparing with the structure 
according to embodiment 1, then this structure is very effective in usual image 
displaying. 



[0025] (Embodiment 3) In all liquid crystal projectors currently in actual use. a li(iuid 
crystal panel that modulates polarized light is used. Therefor, as a half of non polarized 
light is absorbed in a polarizing board and changed into heat, degradation of light 
usability and necessity of cooling are problems. 

[00261 The method for using whole light (lux emitted from the light source with adding 
a polarization converting system to an illumination optical system of an integrator. 
Fig,4 (A) is a view showing a structural frame format of the principle of that. Basically, 
it is as same as the usual integrator illumination system shown in Fig.2 (A), but. here, 
a polarized light separator is placed just before the first lens group 104 and a wave 
plate is placed just after the second lens group 108. 

[0027] Non polarized light emitted from the light source lamp 101 is reflected by the 
parabolic reflector401 and becomes practically parallel light fluxes. The parallel fluxes 
go into polarized light separator402 and two polarized lights run right angles to one 
another are separated directions at the specified angle 0 , When the light passes 
through the first lens group 104 placed just after, light fluxes are gathered on the 
vicinity of focal point of each rectangular lens, that is inside of a corresponding 
rectangular lens in the second lens group 108, a spot of secondly light source is formed. 
Usually this spot is formed only one at the center of each rectangular lens, but two 
spots are formed according to each polarized light. After that these light fluxes pass 
through the wave board405 and their polarized directions are uniformed. Then as saime 
as the case of usual integrator, light fluxes are gathered at the center of the liquid 
crystal paneI114 by field lens202 to illuminate the rectangle of the liquid crystal panel 
practically uniform. Therefor, whole light flux emitted from the light source lamp goes 
into the liquid crystal panelll4. 

[0028] Fig.4 (B) shows an example of the structure of polarization separator402. A 
liquid crystal layer is inserted between a prism substrate406 having serrate grooves 
and a glass substrate. As liquid crystal molecules are aligned parallel to a groove of the 
prism substrate, vertical incident light flux to the substrate is divided into ordinary 
light to liquid crystal molecules and extraordinary light to be separated directionally. 
Suppose that the non-polarized light409 that comes vertically into a plane of prism 
substrate406 comes into an inclined plane of prism substrate406 by the angle of a . 
When the reflection index no of a liquid crystal molecule to ordinary light is equal to 
the reflection index of the prism substrate406, ordinary light410 travels straight 
without being refracted and extraordinary light411 is refracted by the angle of 6 to 
the direction of ordinary light. When the refraction index of extraordinary light is ni 
the following formula can be applied approximately. 



[00291 tt =arctan {sin d /(cos 0 ' no/ m)) 

When the prism substrate406 is made of PMMA, as the refraction index is about 1.18, 
the refraction index of liquid crystal can be selected to almost the same. When the 
anisotroi)y of refractive index of a li(iuid crystal becomes larger, larger angle 0 can be 
obtained. Li(iuid crystals having the anisotropy of refractive index of about 0.25 are 
sold in the market. Generally incident light fluxes are distributed within ±5" of the 
key light when a metal haloid lamp is used, but the range can be narrowed to ±3° by 
modifying the optical system with using a shorter arc length lamp. As both polarized 
lights are perfectly separated from each other when the separation angle 0 of polarized 
light is at least 6" . a is equal to ST"* when the value is applied to the formula above. 
Therefor the angle formed with the frat plane and the inclined plane is nearly 37" , it 
is easily made of organic matters such as the polymethylmethacrylate or the 
polycarbonate. 

[0030] Practically, as shown in Fig.4 (B), the light comes into the prism substrate at the 
predetermined angle 13 .In this way the key light of whole polarized and separated 
light fluxes becomes vertical to the polarized light separator, then the total structure of 
optical system becomes simple. As the angle [3 is equal to 6 /2, and (3 is 3° when 0 is 
6° , then the light source has to be inclined only little. 

[0031] From the viewpoint of the efficiency, it is preferable that the refraction index of 
extraordinary light is equal to that of prism substrate406. In this method, the ordinary 
light410 is refracted, but ordinary light410 is p-polarization to the inclined plane of of 
the prism substrate406 and the incident angle at the boundary face is close to the 
Brewstar's angle, then the reflection loss is less than 1%. Therefor using this method 
and applying the reflection free coating on the boundary face, the light flux 
transmittance ratio can be more than 97% theoretically. 

[0032] The polarized light separator shown in Fig.4 (B) is explained that it is made of 
liquid crystal here. But it can be made of organic film theoretically. For example, an 
inexpensive and stable in heat polarized light separator may be obtained with forming 
serrate grooves on a wave board by press process. Or, a stable in heat polarized light 
separator is made with aligning monomer instead of liquid crystal and polymerize it 
with ultra violet ray or heat. 

[0033] The light source image is formed at the center of each rectangular lens in the 
second lens group 108 in a usual integrator that does not use a polarized light separator. 
When the angle distribution of the light source is within 0 and the distance between 
the first lens group 104 and the second lens group 108 is L, the light source image is 
formed at the center of each rectangular lens in a circle having the diameter of 6 L, as 
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shown in Fig.5 (A). The image of light source is formed not always in a rectangular lens 
as shown in the figure, however usually the system is designed to make the image 
come inside of the lens. 

[0034] In this figure, the asi)ect ratio is 9-16 considering hi-vision display there is large 
area that does not have any si)ots in both sides of the rectangular lensSOl . The present 
invention uses this area for polarized light separation. Two spots corresponding to both 
polarized lights are formed on the second lens grouplOS in this structure as shown in 
Fig.5 (13), As the distance between both spots is equal to the diameter of a spotf) L, 
lights are separated properly and placed in a rectangular lens properly. This can be 
applied only when the aspect ratio is 9-16, when the aspect ratio is 3^4. the diameter of 
a spot has to be little smaller so that the image becomes smaller than a rectangular 
lensSOl, 

[0035] In Fig.5 (B), wave board505, 506 are arranged in stripe corresponding to spot503, 
504 of each polarized light. The wave board505, 506 are used for turning each polarized 
light by 45"" to align the direction or turning each polarized light by 90"" to align the 
direction with using one of the wave boards and a 1/2 wave board. As the wave board 
can be inserted between the second lens grouplOS and the field lens202, as shown in 
Fig.4 (A), the reflection loss can be removed when they are glued. 

[0036] (Embodiment 4) Here after the method improving light usability with micro lens 
array in the optical system in which an integrator is used. 

[0037] Fig. 6 shows the principle of illumination in a projection display according to the 
present invention. In this figure, the light source part and the projection lens part are 
not drawn, however the structure is basically as same as the structure shown in Fig.2 
(A), a cylindrical micro lens arrayGOl is placed between the liquid crystal panel 114 and 
the condenser lensll3 shown in Fig.2 (A). The liquid crystal panelll4 is illuminated in 
uniform by the light source light through the second lens grouplOS and the field 
lens202, and the distribution of light fluxes at the field lens202 is an apparent light 
source, that is the second light source. 

[003S] The structure of micro lens array61 adhered to the surface of liquid crystal 
panel is that a plural of cylindrical lens is aligned the direction to the direction of the 
row of pixels arranged in the liquid crystal panelll4 in matrix and the number is equal 
to the number of rows. The light flux passed through one of the cylindrical lens in the 
micro lens array601 forms an image of the second light source on the liquid crystal 
layer604 through the opposing substrate602. The shape of the second light source is a 
shape aligned in vertical as shown in Fig.5 (A) or (B), having predetermined intervals. 
Therefor an image of the second light source formed on the liquid crystal layer is a 
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strii)e shape imago in row direction. As a stripe of each light llux travels through black 
strii)es603 between pixels, the amount of light that is masked by the black stripes603 
when the micro lens arrayGOl is not used causes the improvement of efficiency. Though 
the purpose of the black stripe603 is to avoid degradation of switching transistor 
formed to correspond with each pixel caused by exposure to the light, generally the 
area masked by the black stripe603 is more than 60% of total area. Therefor significant 
improvement of the efficiency can be expected. 

[00391 In the actual designing, the distance d between the micro lens arrayGOl and the 
black stripe603 is decided by each lens size a of the second lens group 108 or pixel pitch 
b as shown in the figure and the focal length f is decided by the relation shown in the 
figure. Though not shown in the figure, a condenser lens has to be placed on the light 
source side of the micro lens array and the focal length of it has to be almost equal to 
the distance c between the field lens202 and the micro lens array603. By adding of this 
condenser lens, as all key lights of light source light become vertical to the liquid 
crystal panel 114, the shape and the direction of the secondly light source are the same 
seen from any point of the liquid crystal panel 114 and then the arrangement of the 
micro lens array is in uniform on the whole surface. 

[0040] Another practical designs can be expected from the present invention. For 
example, it is possible that the micro lens arrayGOl is an alignment of usual 
axis-symmetrical lenses and the image of secondly light source is formed on the liquid 
crystal layer so that each light source image can pass through the black stripeGOS. In 
this case, though the designing is complicated, the efficiency is improved more. The 
present invention has the characteristic that an image of the secondly light source is 
formed by the micro lens array and adjust the structure of an integrator or pixel and 
shape of the micro lens array so that the light source pattern of the secondly light 
source can pass through the aperture on a pixel effectively. 
[0041] 

[Advantageous Effect of the Invention] As mentioned above, according to the present 
invention, in the projection optical system having the integrator illumination system, 
with shortening the back focus of the projection lens by shortening the synthesizing 
light path of each light flux modulated by the liquid crystal panel, and using an 
integrator illumination system on two light paths respectively, the projection display 
device that can display a brighter and higher quaUty image. 

[0042] A bright and high quality projection display device is provided in a compact 
shape by performing light flux modulation with 2 liquid crystal panels so that the 
illumination optical system is simplified. 



[00431 A brighter projection display device can be realized with adding polarized light 
converting Function to an integrator. 

[00441 A brighter projection display device with low i)ower consumption and no 
necessity of cooling device is realized by adding the micro lens array that Forms an 
image oF the secondly light source of the integrator according to the shape of the 
aperture of the liquid crystal panel, 
[Brief Description of the Drawings) 

[Fig.ll A drawing to show a projection display device according to the present 
invention. 

[Fig.2l (A) is a drawing to show a structural example of an integrator illumination 
system used in the present invention. (B) is a drawing to show the lens arrangement of 
the integrator used in the present invention. 

[Fig.3] (A) is a drawing to show the arrangement of the projection display device 
according to the present invention. (B) is a drawing to show the pixel arrangement of a 
liquid crystal panel used for a projection display device according to the present 
invention. 

[Fig.4] (A) is a drawing to show the arrangement of an illumination system in a 
projection display device according to the present invention. (B) is a drawing to show 
the arrangement and the principle of a polarized light separator used for a projection 
display device according to the present invention. 

[Fig. 5] (A) is a drawing to show a shape of the secondly light source formed on each 
lens of the integrator. (B) is a drawing to show a shape of the secondly light source 
when a polarized light separator is used in the integrator illumination system. 
[Fig. 6] A drawing to explain the principle of illumination of a micro lens array used in a 
projection display device according to the present invention. 



